Tissue homeostasis requires regulation of cell-cell communication, which relies on signaling 23 molecules and cell contacts. In skin epidermis, keratinocytes secrete specific factors transduced 24 by melanocytes into signaling cues to promote their pigmentation and dendrite outgrowth, while 25 melanocytes transfer melanin pigments to keratinocytes to convey skin photoprotection. How 26 epidermal cells integrate these functions remains poorly characterized. Here, we found that 27 caveolae polarize in melanocytes and are particularly abundant at melanocyte-keratinocyte 28 interface. Caveolae in melanocytes are sensitive to ultra-violet radiations and miRNAs released 29 by keratinocytes. Preventing caveolae formation in melanocytes results in increased production 30 of intracellular cAMP and melanin pigments, but decreases cell protrusions, cell-cell contacts, 31 pigment transfer and epidermis pigmentation. Altogether, our data establish that, in 32 melanocytes, caveolae serve as key molecular hubs that couple signaling outputs from 33 keratinocytes to mechanical plasticity. This process is crucial to maintain cell-cell contacts and 34 intercellular communication, skin pigmentation and tissue homeostasis.
Introduction

36
Human skin comprises a highly stratified epidermis and a bottom dermis. The epidermis, the 37 outermost and photo-protective layer of the skin, is mainly composed of melanocytes and 38 keratinocytes that together create a structural and functional epidermal unit (Fitzpatrick and 9 In melanocytes, cAMP production by tmACs increases the expression of melanin-synthesizing 210 enzymes that results in increased melanin synthesis (Buscà and Ballotti, 2000; Newton et al., 211 2007; Pawelek et al., 1973) . Growth of melanocytes in supplemented medium containing factors 212 known to elicit intracellular cAMP production (Abdel-Malek et al., 1995; Imokawa et al., 1996) , 213 led to a 1.5-fold increase in the intracellular melanin content after Cav1 depletion (Figures 2C,   214 D and S2D). Melanin synthesis requires the activity of melanogenic enzymes of the tyrosinase 215 family which include the rate-limiting enzyme Tyrosinase (TYR) and the Dopachrome 216 tautomerase (DCT; Ebanks et al., 2009) . In agreement, Cav1-depleted cells showed an 217 enrichment in both TYR and DCT protein levels (Figures 2D and S2E, F) (Figures 2C and D) , the number of pigmented stage IV increased 229 significantly with a concomitant decrease in unpigmented stage II in Cav1-depleted 230 melanocytes (Figures 2E and F) . Altogether, the caveolin-1 control of early signaling events in 231 melanocytes leads to the regulation of melanin synthesis and melanosome maturation. Local production of cAMP at the plasma membrane regulates neuronal cell shape (Neves-Zaph, 236 2017) and epithelial cell polarity (Wojtal et al., 2008) . In melanocytes and melanoma cells, the 237 increase of cAMP levels supports dendrite outgrowth (Buscà et al., 1998; Nakazawa et al., 238 1993; Scott and Leopardi, 2003) . For the last few years, caveolae mechanosensing and 1 0 mechanoprotective functions have emerged as a new major features of caveolae in many cell 240 types in vitro and in vivo (Sinha et al., 2011; Cheng et al., 2015) . In this context, caveolae were 241 recently shown to couple mechanosensing with mechanosignaling in human myotubes (Dewulf 242 et al., 2019) . Because Cav1 regulates cAMP levels in melanocytes, we explored the role of 243 caveolae in the mechanical behavior of melanocytes in response to chemical stimulation. Cav1-244 depleted melanocytes (Figure S3A) were grown in three different media: devoid of stimulating 245 molecules (poor medium), containing forskolin (poor medium + FSK) or supplemented with 246 different growth factors (supplemented medium; see Experimental procedures). The shape of 247 the cells was analyzed using fluorescently-labelled phalloidin that stained actin filaments 248 ( Figure 3A) . In the absence of signaling molecules (poor medium), control and Cav1-depleted 249 melanocytes preferentially displayed a similar morphology characterized by the presence of at 250 most two protrusions (Figures 3A and B) . Chemical stimulation of control melanocytes 251 increased the number of protrusions, while the majority of Cav1-depleted cells did not extend 252 more than two protrusions (Figures 3A and B) . We then characterized the cell morphology by 253 measuring the cell area, major and minor axis and by calculating the length-to-width ratio
254
( Figures 3C and S3B-D) . Without chemical stimulation, the length-to-width ratio was similar in 255 control-and Cav1-depleted melanocytes. After stimulation, the area of the cell and the minor 256 axis, but not the major axis, increased in control cells (Figures S3B-D) . This caused a slight 257 decrease in the length-to width ratio (Figure 3C ), which reflects cell spreading and formation of 258 dendrite-like protrusions. On the contrary, Cav1-depleted cells responded to stimulation by 259 preserving the cell area ( Figure S3C ) which confirms their elongated shape. Moreover, the 260 major axis increased while the minor axis increased (Figures S3C and D) . This increased 261 dramatically the length-to-width ratio in Cav1-depleted melanocytes ( Figure 3D) 
281
while Cav1-depleted melanocytes were mostly unresponsive to the contacts made by 282 keratinocytes, formed fewer projections and displayed an elongated shape (Video 5).
283
Interestingly, Cav1-depleted melanocytes were more frequently deprived of physical contact by 284 keratinocytes during the total time of acquisition ( Figure 3E) . In contrast, the frequency of 
291
The cell mechanical response to changes in shape is correlated with adjustments in the plasma 
314
To address the role of caveolae in melanin transfer, siCtrl-and siCav1-treated melanocytes 315 were co-cultured with keratinocytes for 3 days, after which the cells were analyzed by 316 immunofluorescence (Figure 4A) . Keratinocytes co-cultured with Cav1-depleted melanocytes 317 were less frequently positive for melanin ( Figure 4B ) and, when positive, showed decreased 318 staining for the pigment (Figure 4C ). This result shows that caveolae are required for the 319 efficient transfer of melanin from melanocytes to keratinocytes in co-culture.
320
Interestingly, in melanoma cells, the microRNA-203a (miR-203a) downregulates Cav1 321 expression (Conde-Perez et al., 2015) . Likewise, melanocytes transfected with the pre-mir-203a 322 showed decreased Cav1 protein expression levels ( Figure S4A) . When co-cultured with 323 melanocytes treated with pre-miR-203a, melanin transfer had occurred in fewer keratinocytes
324
( Figures 4A and B) , which also showed a decrease content of melanin ( Figure 4C) . The miR- Finally, we sought to establish the importance of caveolae in pigment transfer in vivo. We turned 329 to the model of skin epidermis (3D-HRPE) and generated three different epidermis composed of 330 keratinocytes either alone (Ker-HRPE) or associated with control or Cav1-depleted 331 melanocytes. The expression of Cav1 mRNAs was efficiently down-regulated after siCav1 332 treatment in melanocytes ( Figure S4B) . Macroscopic examination of the reconstructed tissue 333 showed unpigmented epidermis when composed of only keratinocytes, and homogenous 334 pigmented epidermis when control melanocytes were added ( Figure S4C) . In contrast, a non-335 homogenous pigmentation was observed in the epidermis reconstructed with siCav1-treated 336 melanocytes (Figure S4C , arrow). The pigmentation defect was further characterized at the 337 ultrastructural level ( Figure 4D ) and revealed that keratinocytes juxtaposed to Cav1-depleted 338 melanocytes contained less melanin than when adjacent to control cells ( Figure 4E ). This data
339
shows that caveolae is a novel player in melanin transfer from melanocytes to keratinocytes in 340 the human epidermis.
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Discussion
342
Human epidermis pigmentation represents a natural body photo-protective screen that relies on 343 melanocytes and keratinocytes. To adapt to their environment, like during intense solar 344 exposure, these epidermal cells communicate to orchestrate cellular responses important for 345 producing and disseminating the pigment through the tissue. In this study, we provide evidence , 2006) . Therefore, we propose that caveolae intrinsic asymmetrical distribution imposes a 388 spatial organization of cAMP-dependent pathways and/or downstream targets in melanocytes 389 that contributes to its polarized organization and ensures its cellular functions.
390
Caveolae are required for two crucial functions in melanocytes: pigment production and 391 transfer. Stimulation of Cav1-depleted melanocytes causes increased cAMP levels, acceleration 392 of pigment production through likely the up-regulation of Tyrosinase and DCT expression levels.
393
Pigment synthesis and packaging into melanosomes rely on intracellular signaling pathways, 394 among which cAMP synthesis by tmACs is of key importance (D'Mello et al., 2016) . The
395
activation of the GPCR-triggered cAMP pathway increases Tyrosinase, TYRP1 and DCT protein 396 content through increased cell transcriptional activity (Bertolotto et al., 1996 (Bertolotto et al., , 1998a (Bertolotto et al., , 1998b or 397 post-translational events (Abdel-Malek et al., 1995; Newton et al., 2007) . This indicates that 398 caveolae key regulation in the production of the pigment occurs through the fine control of 399 cAMP production and downstream pathways. to the extracellular context, will enable to decipher its defects and associated consequences in 
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Immunoblot. Quantification of protein content on western blot was performed using Fiji software,
739
the background subtracted and intensities were normalized to loading control. figure 3A (n=30 cells, 3 independent experiments) 
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Video 1 -Ultrastructural 3D-model of a Melanocyte-Keratinocyte interface at a human skin
